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Abstract 12 
The effects of radiation backscattered from the secondary collimators into the monitor 
chamber in an Elekta linac (producing 6 and 10 MV photon beams) are investigated using 
BEAMnrc Monte Carlo simulations. The degree and effects of this backscattered radiation are 15 
assessed by evaluating the changes to the calculated dose in the monitor chamber, and by 
determining a correction factor for those changes. Additionally, the fluence and energy 
characteristics of particles entering the monitor chamber from the downstream direction are 18 
evaluated by examining BEAMnrc phase-space data.  
It is shown that the proportion of particles backscattered into the monitor chamber is 
small (<0.35 %), for all field sizes studied. However, when the backscatter plate is removed 21 
from the model linac, these backscattered particles generate a noticeable increase in dose to 
the monitor chamber (up to 2.4 % for the 6 MV beam and up to 4.4 % for the 10 MV beam). 
With its backscatter plate in place, the Elekta linac (operating at 6 and 10 MV) is subject to 24 
negligible variation of monitor chamber dose with field size. 
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At these energies, output variations in photon beams produced by the clinical Elekta 
linear accelerator can be attributed to head scatter alone. Corrections for field-size-27 
dependence of monitor chamber dose are not necessary when running Monte Carlo 
simulations of the Elekta linac operating at 6 and 10 MV. 
 30 
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Introduction 
In a clinical linear accelerator, backscattered radiation directed into the monitor chamber from 
the secondary collimators increases the total amount of radiation incident upon the chamber, 51 
causing it to respond by decreasing the linac's output. If backscatter into the monitor chamber 
increases with decreasing field size, as it often does1,2, then machine output will 
correspondingly decrease with decreasing field size. An understanding of the effects of 54 
backscattered radiation is required in order to make accurate dose predictions (including via 
Monte Carlo simulation). This is especially important when intensity-modulated radiotherapy 
treatments, consisting of large numbers of small field segments, are being considered3.  57 
 
Backscatter into the monitor chambers with the potential to affect accelerator output has been 
identified in Therac1 and some models of Varian Clinac2,4 linear accelerators, whereas various 60 
Siemens machines have been found to be unaffected1,5. A given linac's susceptibility to field-
size-dependent backscatter in the monitor chamber depends on its internal composition and 
geometry, especially the configuration of the secondary collimation system. The effect of 63 
backscatter can be strongly affected by the inclusion of a backscatter plate immediately 
downstream from the monitor chamber3. The Elekta linear accelerator is known to contain 
such a component6 in the form of a thin, metallic plate located downstream of the monitor 66 
chamber. Additionally, the Elekta linac has its multileaf collimator (MLC) located upstream 
of its orthogonal jaws, so that the MLC is the closest secondary collimator to the monitor 
chamber. The presence of the backscatter plate as well as the approximately square shape of 69 
the MLC aperture used for producing square fields (as opposed to the rectangular aperture 
created by the upper collimator (jaws) used to produce square fields by a Varian linac) are 
two Elekta-specific features, the effects of which need examining. For the Elekta linac, 72 
therefore, it is necessary to investigate the backscatter contribution to the linac monitor 
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chamber signal, over a range of field sizes, so that its possible effects on linac output can be 
quantified and the necessity of applying a monitor-chamber-backscatter correction to Monte 75 
Carlo (and other) dose calculations can be assessed. This is the aim of the current study. 
 
Experimental evaluation of the effects of backscattered radiation reaching the monitor 78 
chamber, from the secondary collimators, remains challenging2,3,5,7,8,9. Sanz et al7 have 
described the disadvantages of various methods used experimentally to measure backscatter 
into the monitor chamber. For instance, they point out the difficulties of the telescopic 81 
shielding experimental procedure2,3, which carries the risk of “compromising personnel and 
equipment safety”7, while noting that pulse counting and other target charge monitoring 
techniques5,8,9 demand “a certain degree of machine stability to achieve acceptable 84 
accuracy”7. Monte Carlo methods, however, are not subject to these disadvantages and 
limitations4,9 . 
 87 
In this work, we use the BEAMnrc Monte Carlo code10,11,12,13  to simulate an Elekta linac 
producing 6 and 10 MV photon beams, with and without a backscatter plate downstream of 
the monitor chamber. In addition to evaluating dose in the monitor chamber, we use an in-90 
house version of the National Research Council Canada (NRC) code READPHSP13 to 
directly count and analyse the backscattered particles entering the monitor chamber from the 
downstream direction in both models. The use of these techniques allows us to: examine the 93 
transmission of particles to and from the monitor chamber; study the effects of including and 
omitting a model backscatter plate; and ultimately quantify the susceptibility of the clinical 
Elekta 6 and 10 MV linacs to the effects of radiation backscattered from the collimators into 96 
the monitor chamber. 
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Material and methods 99 
[Figure 1.] 
Models of the Elekta Precise 6 MV and 10 MV photon-beam linacs are created in accordance 
with the manufacturer's specifications using the BEAMnrc Monte Carlo code10,11,12,13. The 102 
linacs are modelled in detail, from the electron target to linac’s exit plane. Figure 1 shows a 
generalised schematic of the 6 MV model. The 10 MV model differs in that the flattening 
filter is redesigned and located within the bore of the primary collimator, rather than set in the 105 
6 MV filter carrier. These models are each commissioned to accurately replicate the 
dosimetric output of a clinical linac14.  
 108 
The result of each of the simulations completed within this study is recorded both as a dose 
calculation and as a ‘phase-space’ file. The effect the backscatter plate has on monitor 
chamber dose is evaluated by simulating the Elekta linacs with this component removed 111 
(replaced by a volume of air). The field-size dependencies of the parameters studied here are 
evaluated by simulating the linacs (with and without the backscatter plate) delivering on-axis, 
square fields defined by both the orthogonal jaws and the MLC. 114 
 
The Elekta Precise MLC consists of two banks of 40 leaves, each of which projects to 1 cm 
width at the isocentre (100 cm from the source). In the model linacs, these leaves are opened 117 
and closed to match standard square field MLC positions defined for the Elekta Precise linac 
operating in ‘quick beam’ service mode. The leaf and jaw positions used to produce each 
square field studied here are listed in Table 1. 120 
[Table 1.] 
 
Dose calculation 123 
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[Figure 2.]  
In their description of a method to obtain absolute dose from Monte Carlo simulation, 
Popescu et al15 show that, when variable backscatter into the monitor chamber contributes to 126 
linac output variation with field size (in the clinical linac), allowance must be made for this 
contribution in any subsequent dose calculation (using the simulated linac). These authors 
suggest that a correction for backscatter-induced output variation can be evaluated using a 129 
measure of dose deposited in the monitor chamber, for each field simulated. We refer to this 
value as the PSZB correction or DPSZB (for Popescu, Shaw, Zavgordni and Beckam15) and use 
the definition 132 
DPSZB  Dfwd  Dtotal ,1010  D' fwdDfwd  Dtotal  D' fwd
 Dfwd  Dback,1010
Dfwd  Dback
. 
(1) 
DPSZB can therefore be calculated using values for: Dfwd, the dose deposited at the upstream 135 
end of the monitor chamber when the secondary collimators are not present in the simulation 
and therefore all particles can be assumed forward-directed; Dback, the difference between the 
dose at the downstream end of the monitor chamber at a given field size when all collimators 138 
are present (Dtotal) and the (forward-directed) dose at the downstream end of the monitor 
chamber when the secondary collimators are not present (D’fwd); and Dback,1010, the difference 
between the dose at the downstream end of the monitor chamber for a 1010 cm2 field when 141 
all collimators are present (Dtotal,1010) and the (forward-directed) dose at the downstream end 
of the monitor chamber when the secondary collimators are not present (D'fwd)15. 
 144 
With the model linacs, we use BEAMnrc to make a series of dose calculations over 2 mm 
thick cylinders of air, located immediately up and downstream of the monitor chamber. These 
dose scoring regions have the same diameter as the active volume of the Elekta monitor 147 
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chamber and are used to calculate dose values with and without the downstream components 
of the linac (from the backscatter plate to the linac’s exit plane), for substitution into equation 
1, as shown in Figure 2. These dose values, along with their uncertainties, are output directly 150 
from the BEAMnrc simulation. For simplicity, Dtotal, the total (forward- and backward-
directed) dose calculated in the region at the base of the monitor chamber is henceforward 
referred to as the monitor chamber dose. 153 
 
Additionally, doses calculated in this region are evaluated as percentages of the 1010 cm2 
field dose, 156 
%dose 100 Dtotal
Dtotal ,1010
100 1
DPSZB
. 
(2) 
These results can then be compared with square-field experimental results obtained for Philips 159 
linacs by Hounsell3 and for Varian linacs by Verhaegen et al9. 
 
Phase-space examination 162 
The phase-space file is a binary data file containing the charge, lateral position, direction and 
energy of all particles crossing a given plane. Phase-space files generated by BEAMnrc 
include information about the trajectory of each particle, recorded as cos(x) and cos(y), the 165 
cosines of the angles between the particle's trajectory and the x and y axes, respectively13. The 
angle that each particle's path makes with the z axis (z) can therefore be calculated from the 
relation  168 
1 cos2 x  cos2 y  cos2 z , 
(3) 
with the sign of cos(z) being recorded as a separate value in the phase-space file.  171 
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In this work, phase-space data are scored directly downstream of the monitor chamber, above 
and below the backscatter plate. We use an in-house developed version of the NRC user code 174 
READPHSP13 to identify the particles that have a negative value of cos(z). These particles 
are defined as ‘backscattered’ and can, using our version of READPHSP, be directly counted 
and either written into or omitted from a new phase-space file. 177 
 
In order to gauge the influence of backscatter on the output of the Elekta linac, we use this 
direct counting method to evaluate the proportion of particles backscattered into the monitor 180 
chamber of the simulated linacs. Additionally, the NRC code BEAMDP is used to generate 
energy spectra from our phase-space files with and without backscatter. Thus, both the 
fluence and the energy of the backscattered component of the 6 and 10 MV beams are 183 
examined. 
 
Results and Discussion 186 
Dose calculation 
[Figure 3.]  
Figures 3(a) and (b) show the results of evaluating dose with respect to field size in the 189 
scoring region below the monitor chamber (the region labelled ‘Dtotal’ in Figure 2) as a 
percentage of the dose calculated in this region for the 10x10 cm2 field (%dose), for the 6 and 
10 MV beams with and without the backscatter plate included in the model. Without the 192 
backscatter plate in place, there is a noticeable decline in monitor chamber dose as the field 
size is increased, for both beam energies, which can be attributed to a reduction in 
backscattering from the MLC into the monitor chamber as the collimator blocks less of the 195 
beam.  
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Comparison of Figures 3(a) and (b) indicates that without the backscatter plate there are 198 
decreases in Dtotal (see equation 2) of  1.0 % and  3.0 %, for the 6 and 10 MV beams 
respectively, as the field size is increased from 55 to 2525 cm2. These can be related to the 
2.5 % change in linac output experimentally detected across the same field sizes by Hounsell3 201 
using a Philips SL15 linac operating at 8 MV, without a backscatter plate. Additionally, 
Figures 3(a) and (b) respectively show that when the field is increased from its minimum to 
its maximum size there is a 2.4 % decrease in Dtotal for the 6 MV beam and a 4.4 % decrease 204 
in Dtotal for the 10 MV beam. This suggests that without the backscatter plate in the Elekta 
linac, the dosimetric effects of backscatter into its monitor chamber increase with beam 
energy.  207 
 
The observed 2.4 % decrease in Dtotal as the field size is increased from 11 to 4040 cm2, for 
the Elekta linac operating at 6 MV, is comparable to the value of 2.75 % identified by 210 
Verhaegen et al9 for a field size change from 0.50.5 to 4040 cm2 in a Varian 2100C linac 
operating at 6 MV. Without its backscatter plate, the Elekta 6 MV linac is subject to a similar 
degree of backscatter into the monitor chamber as is seen the Varian 6 MV linac (which has a 213 
different jaw-MLC configuration and does not contain a backscatter plate). With the 
backscatter plate included in the model Elekta linac, Figure 3(a) and (b) both show that this 
field-size dependence is removed.  216 
 
Values in Figure 3(c) and (d) represent the PSZB correction factor, by which any dose 
calculated via Monte Carlo simulation in a patient or phantom would need to be multiplied in 219 
order to correctly incorporate the effect of field-size dependent backscatter into the monitor 
chamber15. Figure 3(c) includes DPSZB data calculated from results reported by Popescu et 
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al15, for a simulated 6 MV Varian Clinac 21EX linac. These data show a similar behaviour to 222 
the variation of DPSZB with field size found in the 6 MV Elekta model without backscatter 
plate (also shown in Figure 3(c)). Figure 3(c) and (d) also show that, for the Elekta linac, 
producing both 6 and 10 MV beams, when the backscatter plate is in place the monitor 225 
chamber dose arising from backscatter originating downstream is not a function of field size 
and the PSZB correction is not required. 
 228 
With the backscatter plate removed, the Elekta linac displays a variable collimator backscatter 
which is similar to that seen in linacs produced by other manufacturers, without backscatter 
plates3,9,15. These results show that the presence of the backscatter plate in the Elekta linac 231 
(rather than any other difference in internal configuration) is the major reason that this type of 
linac is less affected by backscatter into the monitor chamber than the Varian linacs.  
 234 
Phase-space examination 
[Figure 4.]  
Figures 4(a) and (b) show the relative contributions of backscattered radiation to the particle 237 
fluence at the monitor chamber, over the range of field sizes studied, by illustrating the 
percentage of particles in the phase-space file that are found to have been backscattered, when 
the phase-space file is scored below the Elekta monitor chamber (as shown in Figure 1), with 240 
and without a backscatter plate.  
 
Figures 4(a) and (b) respectively show that for the 6 and 10 MV beams, when the particle data 243 
are examined upstream of the backscatter plate, there is negligible variation in backscatter 
into the monitor chamber with field size (confirming the results shown in Figures 3(a) and 
(b)). Contrastingly, Figures 4(a) and (b) also shown that for the 6 and 10 MV beams, when the 246 
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particle data are examined downstream of the backscatter plate, the percentage of particles 
found to have been backscattered is strongly dependent on field size. Comparison of the 
proportion of backscattered particles identified above and below the backscatter plate 249 
indicates that the backscatter plate generally reduces the number of particles scattered from 
the MLC into the monitor chamber. For the 6 MV beam, backscatter is reduced by the 
backscatter plate at field sizes of 3030 cm2 and below. For the 10 MV beam, backscatter is 252 
reduced by the backscatter plate at all field sizes studied. Figures 4(a) and (b) show that the 
backscatter plate preferentially reduces the percentage of backscatter for small fields, 
rendering monitor chamber backscatter constant with field size, rather than eradicating it 255 
completely. 
 
For both beam energies, without the backscatter plate in place, the proportion of backscattered 258 
particles entering the monitor chamber increases as jaws are closed from 4040 cm2 to 11 
cm2. Comparison of Figure 4(a) with Figure 4(b) indicates that the proportion of 
backscattered particles identified immediately downstream of the monitor chamber when the 261 
backscatter plate is removed is greater and more field size dependent when the linac is 
operating at 10 MV than when it is operating at 6 MV. This relative increase in the variation 
of backscatter with field size in the higher energy beam leads to a corresponding increase in 264 
the variation of monitor chamber dose with field size, which can be observed by comparing 
Figure 3(a) with Figure 3(b). 
 267 
However, the percentages shown in Figure 4(a) and (b) are all very small (<0.35 %). 
Comparison of these results with Figures 3(a) and (b) suggests that, although only a very 
small percentage of the particles entering the Elekta monitor chamber have been 270 
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backscattered, these backscattered particles make a disproportionately large contribution to 
the energy deposition in the chamber. 
[Figure 5.]  273 
[Figure 6.] 
These observations can be understood through examination of Figures 5 and 6. These show 
the spectra generated using BEAMDP to process phase-space files edited with our in-house 276 
version of READPHSP. These phase-space files were scored at the downstream end of the 
monitor chamber with the entire linac present in the model and therefore include particles 
passing through the monitor chamber in both the up- and down-stream directions. Figure 5 279 
illustrates results for the 6 MV beam and Figure 6 illustrates results for the 10 MV beam. 
These figures confirm that the backscatter plate is itself one source of backscatter and that its 
overall effect is to render backscatter into the monitor chamber constant with field size, rather 282 
than to filter it out altogether (see Figures 5(a) and (b) and Figures 6 (a) and (b)). The 
proportion of backscattered radiation varies noticeably with field size when the backscatter 
plate is removed (see Figures 5(c) and (d) and Figures 6(c) and (d)).  285 
 
Data shown in Figures 5 and 6 also indicate that, as was observed by Verhaegen et al9 in the 
Varian linac, the backscattered component of each beam has a lower mean energy and higher 288 
electron content than the forward-directed component of each beam. These lower-energy 
backscattered electrons produce correspondingly higher energy transfer and therefore make a 
relatively greater contribution to monitor chamber dose. 291 
 
Conclusion 
By evaluating the deposition of dose as well as examining the particle content of phase-space 294 
files, at the monitor chamber in a model Elekta linac, with and without a backscatter plate, 
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this study illustrates the contribution to monitor chamber dose that is due to low-energy 
backscattered particles. Results shown here suggest that, due to the presence of a backscatter 297 
plate (rather than due to the configuration of the secondary collimation systems), the output of 
this Elekta linac is not subject to field-size dependent backscatter effects when it is operating 
at either 6 or 10 MV. This has two important consequences. Firstly, unlike dosimetric results 300 
of Monte Carlo simulations of some Varian linacs2,4,9, dosimetric results of Monte Carlo 
simulations of the Elekta Precise 6 and 10 MV linacs do not need to be corrected for field-
size-dependence of backscatter into the monitor chamber. Secondly, and more generally, 303 
variation in output with field size, for the Elekta Precise 6 and 10 MV linacs, can be attributed 
to head scatter alone. 
 306 
Acknowledgements 
This work was funded by the National Health and Medical Research Council (NHMRC), 
through a project grant. The authors would especially like to thank Paul Charles of the 309 
Princess Alexandra Hospital, Brisbane, Australia, for assistance in designing the Monte Carlo 
model of the monitor chamber used in this work. The authors would also like to thank Darren 
Cassidy of the Royal Brisbane and Women’s Hospital, Brisbane, Australia, for the provision 312 
of quality assurance data for the Elekta Precise 6 MV and 10 MV photon beams, with which 
the dosimetric accuracy of the linac models used in this study was verified. The authors are 
grateful to Elekta for the provision of manufacturing specifications which permitted the 315 
detailed simulation of their linear accelerators. Computational resources and services used in 
this work were provided by the High Performance Computing (HPC) and Research Support 
Group, Queensland University of Technology, Brisbane, Australia.  318 
 
 
Kairn et al 
 14
 321 
 
  
 324 
References 
1.  Verhaegen, F. and Seuntjens, J., Monte Carlo modelling of external radiotherapy 
photon beams, Phys. Med. Biol. 48:R107–R164, 2003. 327 
2.  Ravikumar, M. and Ravichandran, R., Measurement of backscattered radiation from 
secondary collimator jaws into the beam monitor chamber from a dual energy linear 
accelerato, Strahlentherapie und Onkologie 12:670–675, 2001. 330 
3.  Hounsell, A. R., Monitor chamber backscatter for intensity modulated radiation 
therapy using multileaf collimators, Phys. Med. Biol. 43:445–454, 1998.  
4.  Liu, H. H., Mackie, T. R. and McCullough, E. C., Modeling photon output caused by 333 
backscattered radiation into the monitor chamber from collimator jaws using a Monte 
Carlo technique, Med. Phys. 27(4):737–744, 2000. 
5.  Huang, P. H., Chu, J. and Bjarngard, B. E., The effect of collimator backscatter 336 
radiation on photon output of linear accelerators, Med. Phys. 14(2):268–269, 1987.  
6.  Paelinck, L., de Wagter, C., van Esch, A., Duthoy, W., Depuydt, T. and de Neve, W., 
Comparison of build-up dose between Elekta and Varian linear accelerators for high-339 
energy photon beams using radiochromic film and clinical implications for IMRT 
head and neck treatments, Phys. Med. Biol. 50:413–428, 2005.  
7.  Sanz, D. E., Alvarez, G. D. and Nelli, F. E., Ecliptic method for the determination of 342 
backscatter into the beam monitor chambers in photon beams of medical accelerators, 
Phys. Med. Biol. 52:1647–1658, 2007. 
8.  Zhu, T. C., Bjarngard, B. E., Xiao, Y. and Bieda, M., Output ratio in air for MLC 345 
shaped irregular fields, Med. Phys. 31(9):2480–2490, 2004. 
9. Verhaegen, F., Symonds-Tayler, R., Liu, H. H. and Nahum, A. E., Backscatter towards 
the monitor ion chamber in high-energy photon and electron beams: charge 348 
integration versus Monte Carlo simulation, Phys. Med. Biol.  45:3159–3170, 2000.  
10. Rogers, D. W. O., Faddegon, B. A., Ding, G. X., Ma, C. M., We, J. and Mackie, T. R., 
BEAM: A Monte Carlo code to simulate radiotherapy treatment units, Med. Phys. 351 
22(5):503–524, 1995.  
11. Sheikh-Bagheri, D. and Rogers, D. W. O., Monte Carlo calculation of nine 
megavoltage photon beam spectra using BEAM code, Med. Phys. 29(3):391-402, 354 
2002. 
12. Kawrakow, I. and Walters, B. R. B., Efficient photon beam dose calculations using 
DOSXYZnrc with BEAMnrc, Med. Phys. 33(8):3046–3056, 2006.  357 
13. Rogers, D. W. O., Walters, B. and Kawrakow, I. BEAMnrc Users Manual, Ionising 
Radiation Standards, National Research Council of Canada, Ottawa, 2004. 
14. Kairn, T., Cassidy, D., Sandford, P. M. and Fielding, A. L., Radiotherapy treatment 360 
verification using radiological thickness measured with an amorphous silicon 
electronic portal imaging device: Monte Carlo simulation and experiment, Phys. Med. 
Biol. 53(14):3903–3919, 2008. 363 
15. Popescu, I. A., Shaw, C. P., Zavgorodni, S. F. and Beckham, W. A., Absolute dose 
calculations for Monte Carlo simulations of radiotherapy beams, Phys. Med. Biol. 
50:3375–3392, 2005.  366 
 
Collimator backscatter in an Elekta linac 
   15
Figure captions: 369 
 
Figure 1. Simplified cross-section of Elekta linear accelerator (not to scale). Note that the 
flattening filter is located below the primary collimator only when the linac is operating a 6 372 
MV photon beam. When producing a 10 MV photon beam, the linac uses a steeper flattening 
filter located within the bore of the primary collimator. 
 375 
Figure 2. Detail of cross-section of Elekta linear accelerator, showing dose scoring regions 
used for calculation described by equation 1 (not to scale). (See the caption to Figure 1 for a 
note regarding the changeable location of the flattening filter.)      378 
 
Figure 3. (a) Dose in monitor chamber vs field area (as a percentage of the dose in monitor 
chamber for a 1010 cm2 field), for the 6 MV model linac. (b) Dose in monitor chamber vs 381 
field area (as a percentage of the dose in monitor chamber for a 1010 cm2 field), for the 
10MV model linac. (c) PSZB backscatter correction (DPSZB, see equation 1) vs field area, for 
the 6 MV model linac. (d) PSZB backscatter correction vs field area, for the 10 MV model 384 
linac. In all figures, open data points are for the linac modelled without backscatter plate, 
filled data points are for the linac modelled with backscatter plate. In (c), crosses joined by 
dotted line represent results for a model 6 MV Varian linac, calculated from data reported in 387 
Ref. 15 (for square fields only). 
 
Figure 4. Percentage of backscattered particles in phase space file vs field area (cm2) for (a) 390 
the model 6 MV Elekta linac and (b) the model 10 MV Elekta linac. Open data points are for 
the model linacs without backscatter plates, filled data points are for the model linacs with 
backscatter plates. Diamonds and squares represent data calculated from phase-space files 393 
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scored immediately upstream and downstream of the location of the backscatter plate, 
respectively. (Error bars are smaller than plot symbols.) 
 396 
Figure 5. Energy spectra from the model 6 MV Elekta linac, producing: (a) a 11 cm2 field, 
with backscatter plate; (b) a 4040 cm2 field, with backscatter plate; (c) a 11 cm2 field, 
without backscatter plate; and (d) a 4040 cm2 field, without backscatter plate. Heavy solid 399 
lines, light solid lines and dotted lines respectively represent energy spectra (and vertical lines 
indicate mean energies) evaluated for all particles, forward-directed particles and 
backscattered particles in each phase-space file. Values labelled “%e-” indicate the percentage 402 
of the particles contributing to each spectrum that are electrons.  
 
Figure 6. Energy spectra from the model 10 MV Elekta linac, producing: (a) a 11 cm2 field, 405 
with backscatter plate; (b) a 4040 cm2 field, with backscatter plate; (c) a 11 cm2 field, 
without backscatter plate; and (d) a 4040 cm2 field, without backscatter plate. Lines and 
values are as defined for Figure 5. 408 
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Figure 1. 
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Figure 3. 423 
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Figure 4. 
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Figure 5. 441 
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Figure 6.  
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Table 1. Collimator apertures used to create the field sizes simulated. All distances are in 
centimetres, measured at the isocentre. 
 453 
Field size No. of MLC 
leaves open 
MLC aperture 
size 
Upper (backup) 
jaw aperture size 
Lower jaw 
aperture size 
11 1 11 140 401 
33 6 36 340 403 
55 8 58 540 405 
1010 14 1014 1040 4010 
1515 18 1518 1540 4015 
2020 24 2024 2040 4020 
2525 28 2528 2540 4025 
3030 34 3034 3040 4030 
3535 38 3538 3540 4035 
3737 40 3740 3740 4037 
4040 40 4040 4040 4040 
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